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to disuse atrophy 


Part I. Studies to gain information on the molecular basis of atrophy by 
antigravity muscle . 


The philosophy of these studies has been to identify the time sequence of 

events in the soleus muscle of the rat following the immobilization of the 

hind limbs, so that the length of the soleus muscle within the fixed limb is 

less than its resting length. Information on potential causal factors of 

atrophy in antigravity muscles can be gained from observations on the time 

sequence of changes. In two separate studies, no significant decline in the * 

I i 

weight of the soleus muscle could be detected during the first 72 hours of 1' j 
immobilization. 
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Study //2 


Time after hind 
limb casted (hr) 

Soleus 
weight (mg) 

Initial 

Body weight (g) 

N 

0 

256 ^ 14* 

358 i 1 

6 

24 

258 ^ 8 

359 ± 2 

6 

48 

257 .• 10 

359 ± 2 

6 

72 

240 ± 7 

359 ± 1 

6 


* mean ± SE. 


Previous studies by me indicated that tlie soleus nuscle (of which approximately 
85% of the soleus is composed of anti^ravitv, i.e. slow-twltch or type I, fibers) 
began atrophying somewhere between the 2nd and the 4th day of limb immobi ’ izat ion 
(^. Appl . Physiol . 43:656-061 , 1977). Thereafter, tlie time during wliich one-half 
of the final decrease in soleus weight occurred was 5 days. So, there is no 
question that this model produces atrophy of the soleus. The results of the above 
studies indicate that any changes in the chemic.al content of the soleus during the 
first 3 days of limb Immoh i 1 izat ion miv.ht be a causal factor in the resulting 
atrophy of the soleus. 

It is well known that the rates of protein svnthesis decline in atrophying 

muscle. However, tliere is very little kiun^n about the time sequence in the 

decline of protein syntlu'sis in antigravity muscle witliin a limb that is fixed 

in a cast. We used continiunis infusion techniqiu'S to m.easure the rates of protein 

synthesis witliin antigravitv muscles. »)ne gtanip ol rats had their lilnd limbs 

. 14 , 

immobilized 12 hours prior to the start ol the continuous infusion ot C-tyrosine, 
so that protein syntliesis was mi’asurt'ii hetwi'en the 12th and 18th liour of immobil- 
ization. A second group served as a control. 'flu* control group reci'ived tlie 
anesthetic at tlie same time tli it rats in tlu> immobilized group w're .iiesthet ized 
(sodium ,.lienobarb i to 1 ) so that their limbs could be cast. I’he ilpm in protein 
from the waslu'd TCA precl(iitate ot tlu* soUmis aiul tlie dpm in l,-tvramine wi're 
determined. 
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Group 

N 

(S,) . 
dam 

dpm 




~.g protein 

nmole tyrosine 

Control 

3 

119.0 = 4.3* 

5.4 ± 1.5 

25.1 r 5.7 

Hind- limb c as ted 

# 

4 

31.4 ± 3.2*** 

6.9 ± 3.8 

9.4 r 3.4 


12 hr prior to start 
of 6 hr of continuous 
infusion 

*, meanlSE. **, P < 0.5 and *** P < 0.001 
from contrc^. 

Thus, protein synthesis in the soleus declined by the 18th hour of disuse in a 
limb which had been immobilized. In about 2 weeks, we plan to undertake additional 
studies to determine which biocnemical events related to protein synthesis in the 
soleus occur within the first 12 hours of limb immobilization. 

Max and coworkers ( Arch . Biochem . Biophys . 146:227-232, 1971) followed the 
time cc’irse of the change in the ; ctivities of lysosomal enzymes in fast-twitch 
muscle within limbs that were fixed with pins. However, none of the lysosomal 
enzymes studied by these workers were proteolytic. Moreover, they only found 1 
of the 5, non-proteolytic lysosomal enzymes changing in fast-twitch muscle in the 
first 7 days of limb fixation. We chose to follow the time course of the chance 
in enzyme activity of two proteolytic enzymes in the soleus muscle of limb immo- 
bilized in rats. Tlie results are given next. 
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There is no significant change in the activity of cathepsin D (ymoles tyrosine 
equivalents/g/min) in the soleus during the first 72 hours that the soleus is 
within an immobilized limb. 


nmoles MNA/mg/hr 
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Cathepsin B activity (iimoies 4 - niethoxy - 2 - naphthalaraine) was significantly 
increased (*, P<0.05 from control) by die 2nd day of limb fixation in the soleus. 


These results suggest that changes In the rates of protein synthesis preccd 
changes In the rates of protein degradation in the soleus of limbs that are 
Immobilized. To collect more information on this matter, we are in the middle 
of performing an experiment which is relating the time se<|uence of clianges in 
protein degradation and cathepsin B activity within the same soleus. Rats are 
casted 0,1,2 or 3 days. Soleus muscles are incubated in vitro in the presence 
of Krebs-Ringer bicarbonate buffer, cycloheximide , insulin, glucose, penicillin, 
and 95% O 2 ” 5% CO^. Tyrosine released into the media is an index of the rate 
of protein degradation. Cathepsin B is measured in the same muscles. Results 
will be reported in the next monthly report. 


Part II. Studies on the work capacity of antigravity muscle during atrophy 
and during recovery from atrophy . 

A copy of the manuscript that is to be submitted for scientific review to 
determine whether it merits publication in the Journal of Applied Physiology 
is attached. 
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ABSTRACT 


Adult, female rats had their hind limbs imm'jb i 1 i /.ed with plaster casts for 
90 days and groups of these animals were then sacrificed at 0, li , 28, 60, 97, 
and 120 days after the casts were removeii. Tin* recovery of maximal isometric 
tension was slower than the recovery of protein content in the soleus since it 
took 120 days of recovery from limb immobilization for maximum isometric 
strength of the soleus to increase to a level wiiich was not significantly 
different than control values. Glycogen and ATP levels per mg of wet weight in 
the soleus, which were significantly uepressed after 90 days of hind-limb 
fixation, had recovered by 60 aays after cast removal. However, there was no 
significant depression in ATP levels per mg of protein in the soleus during 
recovery from 90 days of immobilization. The gastrocnemius muscle, which also 
showed significant decreases in wet weight and protein content after 90 days 
of immobilization, had increased sufficiently by the 120th day of recovery to 
become not significantly different in \;et weight and protein content from 
control. Calcium concentration, which in the gastrocnemius increased 
significantly after 90 days of limb immobilization, returned to control levels 
during the period actor cast removal. Thus, sketetal muscle can recover from 
90 days of inactivity. » 
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It is well known that skeletal niiscle atrophies wiien limbs are iiamobil izod 
so that these muscles ar»’ at It'nprhs less than their resting length 
(4,5,7-9,12,14,16,18). Moreover, ficcreases in muscular strength in animals 
(7,8,16) and in humans (141 after limb iinmoo i I iza t ion have previously been 
reported. There is little known about whetner skeletal muscles do return to 
their preatrophy level of strength following a lengthy period of disuse 
produced by limb fixation. It was our hypothesis that slow-twitch muscles 
would not return to their preatrophy strength level after disuse atrophy 
caused by limb immobilization. Under normal conditions, slow-twitch fibers are 
recruited for tonic activities, such as supporting the weight of the body 
against gravity (6). The removal of this function by either limb 

immobilization or weightlessness should result in their preferential atrophy. 
Indeed, others have previously reported a preferential degeneration of 
slow-twitch muscle fibers, as compared to fast-twitch muscle fibers, during 
limb immobilization (3,8,9,12.13,15,17,18). The soleus muscle of the rat is 
composed mainly of slow-twitch muscle fibers (1). We hypothesized that these 
degenerated fibers would not leave sufficient muscular tissue to permit 
regrowth of the soleus following removal of limb iimaobi lira t ion. We decided to 
immobilize limbs for 90 days to permit long-term atrophy and to use maximal 
isometric tension as a functional index of whether the soleus could return to 
a control level after 90 days of limb immobilization. In addition, other 
information on the tim.e course of inuscuiar regrowtii was obtained so to gain 
additional information on rue capaciry of skeletal nu.-'.'le to rogrow after 
undergoing atrophy for 90 days. 



y-WKRIALS AND MHT-IODS 


Animal care : Retired, female '-'.eeder rats af a Wistar strain (specific 
pa thogen- f ree , HLA - W rats) were obtained from Hilltop Labs (Scottscale, PA) 
and were provided Wayne lab chow and water ad lihitun. 

Experimental procedures : Hind limbs of rats were immobilized for 90 days with 
plaster of Paris using procedures described previously by us (A, 5). Rais were 
anesthetized with sodium pentobarbital ( 4 mg/' 100 p 3W) during initial fixation 
of limbs, during replacement of plaster casts. and at sacrifice. In all 
experiments, limbs were fixed so that tlie soleus and gastrocnemius muscles 
were at a length less than their resting lengths. Casts were removed and 
replaced at 2-4 week intervals so as to minimize movement within the cast by 
atrophying limbs. 

Rats were grouped and sacrificed at tne following rimes; 0, 14, 28, 60, 
97, or 120 days after immob i liza »• ion . On the day of sacrifice. rats were 
anesthetized with sodium pentobarbital (4 mg/g body wt . , IP.), and the soleus 
muscle of the right leg w.is exposed and dissected free of surrounding tissue, 
leaving the nerve and blood supply intact. .Additional anestlictic was supplied 
as needed. After dissecting down to the femur at its distal end, the fibula 
was removed from its insertion on the tibia, small holes were drilled in both 
the femur and tibia and the entire leg wa.*'' immobilized by means of a needle 
passed through these holes and fixed .’t e.ii!ier end. Tiie exposed muscles were 
kept moistened tliroughout the procedure wild 0.-^^ NnCl solution raaintainou at 
37°c by means of a w.itor bat.-.. /. 4-j seturi- sil;. was tied .around the distal 
tendon of the soleus, passtid over a small pulley and attaciu'd to a Crass FT02C 
force-displacement transducer waich aliowmi tlie muscle to be lo.ided during 
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stimulation. The musclo v,-is nr imulatt-vl directly by placing srainles.s steel 
electrodes at the proximal and distal ends of the muscle. Muscle lenj^tti was 
then adjusted to a length at which active twitch tension was maximei. After 
loading with 5 g., the soleus was stimulated for one minute with repetitive 
pulses of 15 ms duration and 15 ins delay bctw’i’en pulses. The highest tension 
produced during the minute of v;ork was designated the maximal isometric 
tension. After these procedures, the coat ra latcra 1 , resting soleus was removed 
and imnediately frozen by liquid-nitrogen cooled Wollenburger tongs far the 
purposes of metabolite determinations. Gastrocnemius muscles were also 
dissected and frozen. 

Assay procedures ; Muscles which had been stored at -80^C were prechilled in 
liquid N 2 , rapidly weighed to the nearest 0.1 mg, and placed in a 

Q 

homogenizer cooled to -AO C in a methanol-dry ice bath. A O.lll IlCl-methanol 
solution (0.1 ml/50 mg tissue weight) was placed on the muscle in the 
homogenizer and allowed to penetrate the muscle for approximately 30 minutes 
at -40°C. Following this, 0.02 N IICI solution (1 ml/50 mg tissue weight) was 

o 

added and the sample brought to C'C in an ice bath. The muscles were 

homogenized completely and an aliquot was removeu for glycogen and protein 
determination. Then 0.125 ml of a 3M perchloric acid solution containing 10 mM 

EDTA was then added for each ml of remaining homogenate. The precipitated 

protein was removed by cent r i luga t i on at 3.000 rpm in a lEC (.PR - 6000) 

Centrifuge for 10 minutes at a'^C. Tae supernatant was neutralized by adding 
0.133 ml of a 2M ROH, O.A M imidazole, anu O.A M RCl solution for each ml of 
supernatant and tiio proc i p i 1 1 1“ wr..-- rfm’>v<'U by cent r i : uga t 1 on . The 

concentrations of ATP. CP and glycogen w.-r- ilctermineci using enzymatic 
fluorometric techniques oj describ<-d by howrv (11). Protein was dere:T.;ineu by 
the Lowry procedure (10). 


7 ft-' J- - f J I ^ . J , ^ |«r - « • « I - ¥■ A ■ ». i '-+ »' 


Calcium was measured by in nronic absorption spec r ropliotomec er after 
ashing the muscles in an oven for 8 iiours at 550^C (2). 

The unpaired two-tail student t test war, employed to test for significant 
differences and a probability level of O.Cj was designated as significant. 


RESULTS 


The wet weight of the soleus was significantly lower (P< 0.01) on the 90th 
day of limb immobilization as compared to control values (Fig. 1). Ho-wever, by 
the 14th day of recovery from limb fixation, ysoleus wet-weight was not 

significantly different from control values. Lik^ise, the protein content of 

/ 

the soleus (mg prote in/ so leus ) was significantly less (P< 0.01) after 90 days 
of limb fixation, but was not significantly different from control values from 
the 14th to 120th day of recovery. The protein concentration of the soleus (mg 
protein/g wet soleus wt) was significantly less than control at 90 days of 
limb fixation (P< 0.05) and after l-l and 28 cays of recovery (P< 0.02) from 
the 90-day limb fixation (Fig. 1). 

The maximum isometric tension produced curing a minute of repetitive, 
direct stimulation was significantly iov,7er in soleus muscles for tiie first 97 
days following limb immobilization (Fig. 2). 3y tne 120th day of recovery the 
tension per soleus was not significantly different than control (Fig. 2). The 
correlation between protein content and maximal isometric tension in the 
soleus during recovery was O.'^o. l.'acn tia mc:;imum tension w.is expressed per mg 
of protein in the soleu.^. recovery values v.eii consistently 20-30". less than 
control, whic'n further shows that mu.scie tension increased more slo-wly than 
protein content diring lacovery. linen i;..~.::imum tension of the soleus wa.s 
expressed as a function of it: wet w'.ig'nt, rhasc valu'-s were significantly 


ORIGINAL PAGE IS 
OF POOR QUAIJ'rV 

lower rhan control for the loll^iwin" ri'covrrv davr: 0 (P'' 0.001). w 

0.01), 28 (P^ 0.01) and 97 (P' 0.05). Tlu'rc was no .si{tni ficant difference 

between controls and groups at fiO and 120 d.iy? of recovc'rv for the expression 

of maximum tension per unit of soleus wot weicht fpig. 2). 

Both the wet weight anti the protein content of the gastrocnemius were 
significantly lower than contra] va 1 ue.s at 0, 14. 28, 60, and 97 days of 
recovery (Fig. 3). The concentration of calcium in the gastrocnemius was 
significantly increased (P< O.Ol) after 90 days of immobilization (Fig. 4). 
However, there was no significant difference for the calcium concentration in 

the gastrocnemius between control values and 120-day recovery from a previous 

90-day limb fixation. 

Selected metabolites were stuci-jc tn cetermine their time course of 

recovery after the 90 days of limb fixation. Khen glycogen and ATP values are 

expressed per unit of wet weight of t'ne soleus, they were found to be 

significantly lower than control at 14, 2S and 97 days of recovery (Table 1). 
However, when .ATP levels wore expressed per unit of protein, .ATP per mg of 
solous protein did not significant ly differ from control for any recovery 
group (Table 2). When glycogen was expressed per mg of protein in the solous, 
then only the recovery groups at 14 and 97 days were significantly less than 
control . 

DISCUSSION 

After 90 days of limb fixatio.r. t n.e protein content v"*! the soleus was 67% 
less than control values with maximum isomerrir lension being 757, less tnan 
control. During recovery, ‘:he cc^rr’ I a 1 1 <v.'. between t iie absolute values for 
protein content and tension in tr;f w.s which suggests a 

connection between tension uev ,- 1 Jurn n: ,:r.a t rot, in content in the soleus 
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during recovery. Since :lu' ratio of tension to protein c<intent «-as 

consistently 20-30^ loss t h.in control (hiring n^covei y , this suggests that 
during recovery, tension tended to return to control It'vels more slowly than 
protein content. This suggestion i.s supported hy tlie ohser v.a t i on that although 
protein content in the .solous was not significantly diiterent by the 14th day 
of recovery, it took 120 davs for tension to lurcome not significantly 
different from control. 

The hypothesis in our present study was based upon previous investigations 
that reported slow-twitch muscle eyhihited a greater degree of atrophy than 
fast-twitch muscle when limbs wert* immobilized (8,9,12,18) and that 

slow-twitch fibers had a preterential degeneration during limb fixation 

(3,15,17). Since slow-twitch fibers had degenerated, we iiypot ties iced that 

these changes would be irreversible, i.e. the remaining muscle fibers in the 
soleus after 90 days of disuse would be unable to regenerate .sufficient 

mu.scular mass to permit the soleus to regain its pre-. trophy level of maximum 
Isometric tension. The return of soleus tension during recovery disproved our 
hvpothesis. because of our hypothesis, no functional measurements such as 
isometric tension, were made on fact -twitch muscle during its locovery from 


atrophy. Althougn fast-twiten m.usc.e aid havi"' a laiailer amount of .itrophy than 
slow-twitch muscle after 90 days ol disuse, tast-twitch muscle ’■egrew more 
slowly than slow-twitch muscle after iimnoh i 1 ic:: t i ou had ended. It is thus 
possible that recovery of maximal iaomi'rric tension by a fast-twitch muscle 
might occur even more slowly than in a ;; 1 ow-t wit rn muscle. 

Our present d.ata proviues a t imi couisi tor recovery, .ind tiiereiore 
extends the infomiatiou pimvide^ :e.' .. :--cent report in w!i:ch it w.is sliouai th.at 


ATP, CP and glycogen levels 
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metaboli tes 

returned to control levels when biopsies were 

first 

made 

150 

days 

after casts 

were 

removed 

(14). Our data indicates 

t ha t i t 

takes 

at 

least 

28 

days for ATP 

and 

glycogen 

levels per unit of wet 

we i gh t 

in 

the 

soleus 

to 


return to control values after the OQ-dny inmob i 1 ica t i on period. Moreover, it 
also indicates that there is no significant change in ATP after immobilization 
when these levels arc expressed per mg of protein in the soleus. This is due 
to the quantity of protein per unit of wet weight 'n the soleus being reduced 
to 68% of control concentration after 90 days of limb fixation. Glycogen per 
mg of soleus protein was only significantly lower in the 14 and 97-day 
recovery groups . 

The means for soleus tension and metabolites in the groups at 0, 14, 28, 
and 97 days of recovery vreve significant ty less than control. On tne other 
hand, the means of similar measurements in the group at 60 days of recovery 
were often not significantly different from control. Since the nunbero of 
animals in the 60-day recovery group were higher than in the 97-day group (6 
vs 4 animals respectively), the smaller sample size in the 97-day group might 
be responsible for this group having lower tensions and metabolites in the 
soleus than the 60-day recovery group. Two animals in the 97-day group were 
accidently eliminated from tlie experiment: one by overdose of anesthetic, and 
the other by a broken leg. 

Calcium concentration is increased in atrophied muscles of limbs fixed by 
casts in anim.als (2) and in human skeletal inuacle d.uring bed rest of healthy 
humans (unpublished observations, Giannetta, Karahnra, and booth). Data in the 
present study snow that this ebange is reversible. 

Since the immobilization of iuiman Hmns i.'e::eii occur r i ni’. for i months and 
since humans have experience- up to j mor.tn:; of w ight 1 essness in t'ne Skylab 
program, a 3-mont:. time '^••riod was c:ioson : or the immobilization of the hind 


r • t I ! I -^i- I , I ^nf I t r I -v' 

limbs of rats. Results of the present stiuiy indicnr* that slow-rwirch muscles 
in adult rats having free cage activity after 90 days of hind-limb 
immobilization do regain maximal isrimetric tension ami mt>rabclite levels after 
removal of the casts. However, the recovt-t y of maximal isometric tension by 

the soleus takes months. These data suggest that the atrophy of slow-twitch 

muscles is reversible following 3-month periods of weightlessness, limb 
immobilization, or oed rest is reversible. 
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TAHLE 1. ClyC(>K‘'n, ATI’, «ml (M’ i>»?r mu <>1 wfl wri^lit in mdIimih ilni inj^ ircov«Ty 
from 90 days of hind-limb fixation. 


Group ATP CP Glycogen 

(nmoles/mg wet wt) 


Control 

(5) 

3.4 

± .2 

7.3 

± 

.7 

10.2 ± 

.8 

90-D iinmobilized 









plus : 









0-D recovery 

(5) 

2.4 

+ .2*** 

5.0 

+ 

.8 

4.3 ± 


lA-D recovery 

(5) 

2.5 

± .2** 

4.8 

+ 

.8 

4.3 ± 

.3**** 

28-D recovery 

(5) 

2.2 

+ .4** 

4.8 

+ 

.8 

7.3 ± 

1.0* 

60-D recovery 

(6) 

2.9 

± .2 

7.2 

+ 

1.2 

9.2 ± 

.9 

97-D recovery 

(4) 

2.3 

± . 3** 

4.9 

+ 

.7 

5.9 ± 

_ 9*** 

120-D recovery 

(4) 

2.9 

± .1 

5.1 

+ 

.9 

9.0 ± 

.8 


Values are means ± SE. Number of animals in each group is given in parentheses. 
Data were compared using unpaired 2-tail student t-test. 

***★ p<r .0001 
*** P< .01 
** P< .02 


* P< .05 
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TABLE 2. Glycogen, ATP, and CP 
from 90 days of hind- 

per mg of prote 
limb fixation. 

in in soleus 

during recovery 
1 

Group 

ATP 

CP 

Glycogen 



(nmoles/mg wet 

wt ) 

Control 

18.5 ± 1.7 

40.6 ± 8.6 

53.4 a 3.0 

90-D immobilized 




plus : 




0-D recovery 

19.5 ± 1.4 

35.3 ± 0.9 

44.0 a 24.3 

lA-D recovery 

17.6 ± 1.2 

32.5 ± 3.5 

39.3 a 1.8-^* 

28-D recovery 

15.9 a 2.5 

34.5 ± 5.6 

52.8 a 7.5 

60 -D recovery 

15.5 t 0.9 

37.0 ± 4.1 

48.8 a 3.3 

97-D recovery 

13.4 ± 1.2 

29.2 ± 3.6 

35.2 i: 5.8* 

120-D recovery 

15. S ± 0.6 

28.1 ± 5.1 

49.6 a 4.1 


Values are means ± SE with sfatisticai analysis identical to Table 1. 
** P < 0.01 


* P < 0.05 



FIGURE LEGENDS 


Figure 1. 


Figure 2. 


Recovery of wet weight, prorein concentration, and protein 
content in soleus muscle after days of limb fixation. The 

abscissa ia labelled 0 to !20 days of recovery from the limb 
fixation with non-casteci control values given at the extreme 
right-hand side of the figure. The upper third of the ordinate 
gives soleus wet weight (mg), the middle third gives protein 
concentration in the soleus (mg protein/g wet wt) and the lower 
third gives protein content of the soleus (mg prote in/muscle ) . 
Values are means ± SE. Observation per time point are from 4 to 
6 animals. The mean of eacn recovery time point was compared to 
the control value with an unpaired 2-tail student t test. *P< 

0.05; **P< 0.02; and ***?<• 0.01. 

Recovery of maximum isometric tension in soleus from 90 days of 
limb fixation. The x-axis is 0 to 120 days of recovery from the 
limb fixation with control values given at the far right-hand 
side of the figure. Recovery days are 0. 14. 28, 60, 97 and 120. 
The upper third of this figure gives maximum isometric tension 
produced by the soleus (,g). The middle third gives maximum 
isometric tension of the soleus expresr.ed per unit of protein in 
soleus (g;ng proteiu). Tin' lower third of the figure gives 

maximum isometric tension i tiie .solcu.s expressed per unit of 

wet soleus weight (g/mg wet woig'nt). Values are means ± SE . 

Observe t i. nn.s per t irn poi:;r are from i to u animals. The mean of 
eacn recovery time point w.:.-: compared to the control value with 
a 2-t-il student t-ttst. •••’• .dT; 0.01; ana O.OCl. 



Figure 3. 


Figure 4. 


ORIGINAL PAGE IS 
OF POOR QUALITY 

Recovery of wor weight ami protein content of gastrocremius from 
90 days of limb fixation. Tiie x-axis is 0 to 110 days of 
recovery from limb fixation witii control values are give'', on the 
right-hand side of the figure. Recovery days arc 0, 14, 28, 60, 

97 and 120. The upper part of tlie figure is protein content of 
gastrocnemius. The lower part of the figure is the wet weight of 
the gastrocnemius. Values are means ± SE. Observations per time 
point are from 4 to 6 animals. The mean of each recovery time 
point was compared to tiie control mean v;ith an unpaired 2-tail 
student t test. *?'' 0.05; '••'.•?< 0.01; and *v.-*p< o.OOl. 

Calcium concentration in the gastrocnemius from control, 
immobilized and post-immobilized groups. Calcium concentration 
(y-axis) was determined in the gastrocnemius of the control 
group, the group iiraiob i lized 90 uays, and the group which had 
casts removed 120 days earlier following 90 days of limb 
fixation. Values are means t SE. Observations are 4 to 6 animals 
per group. The mean of recovery time points was compared to 


control mean with an unpaired 2-tail student t-test. *P< 0.01. 
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Part III. Studies on the recnvorv of tIom-Tiern tod anti gravity fibers afte r 
removal of hind-limb casts . 

Rats had their hind limbs irnmobilizod for 28 days and solcus muscles vere stained 
for myosin ATPase activity. Cross-sections of these fibers are now at photography 
for enlargement so that fibers can be tvped (i.e, antigravity or not) and then 
counted. We are trying a new procedure for stretching the soleus and comparing 
this procedure to our previous procedure ( Pflugers Arch . 342:231-238, 1973). 

These data should be analyzed in the next monthly report. 

Part IV. Studies on the atrophy and recovery of bone . I am just finishing these 
analyses. The data collected to date follows: 


EXPERIMENTAL N BODY TIBIA WET ASH WEIGHT GRAJIS CALCID! 

GROUP WEIGHT WEIGHT PER TIBIA 

(g) (g) (8) 


Control 

2 

362* 

.67 * 

.05 

.333 

4 . 

.018 

. 132 - 

.001 

90- Day 
Immobll 

2 

306* 

.63 ^ 

.00 

.313 

+ 

.001 

. 130 - 

.006 

60- Day 
Recov 

i. 

364 ± 10 

.73 i 

.02 

. 346 


.001 

.139 ± 

.002 

120- Day 
Recov 

2 

456 ± 36 

.80 I 

.03 

.385 

+ 

.010 

. 150 r 

.001 


* only one body weight 

Evidently, the model employed by me does not produce much bone atropb.v wliile the 
soleus muscle in the same rats atrophies to 33% of its control weight. I have ;io 
explanation for these observations. I will have the remaining tibia in this e:;p'‘r- 
Iment analyzed within tlie next 10 davs and tlie final liata for this experiment will 
be reported in next month's repurt. 



